in patients aged 25-74 years (a total of 73 159 patients). Multilevel logistic regression analyses were performed with individual-level characteristics at the first level and level of neighborhood deprivation at the second level.
Introduction
Prostate cancer is the most common male-specific cancer in developed countries. However, its predictors are not fully examined. In addition to age, androgen levels and family history, studies have consistently shown associations between individual-level socioeconomic status (SES) and prostate cancer risk and survival. [1] [2] [3] [4] [5] [6] [7] [8] For example, a study from Switzerland showed that patients with low occupational status had a twofold increased risk of dying from prostate cancer because of delayed diagnosis, poor examinations and less invasive treatments. 9 During the first decade of this millennium an increasing number of studies have described the separate influences of individual-and neighborhood-level SES on health. [10] [11] [12] [13] [14] However, only a few studies have documented the effects of neighborhood-level SES on prostate cancer risk. [15] [16] [17] To the best of our knowledge, no study to date has simultaneously analyzed the effect of neighborhood-level SES on prostate cancer mortality, after adjusting for individual-level characteristics.
This multilevel study analyzes death from prostate cancer in all Swedish men aged 25-74 years living in 7187 neighborhoods (of whom 73 159 were diagnosed with prostate cancer). The first aim of this study is to analyze whether there is an association between neighborhood deprivation and prostate cancer mortality.
The second aim is to analyze whether this association remains after accounting for individual-level characteristics.
Materials and methods

Data sources: the MigMed 2 database
Data used in this study were retrieved from the MigMed 2 Database, maintained at the Center for Primary Health Care Research at Lund University, Sweden. MigMed 2 was constructed by linking data from several national Swedish data registers, including, but not limited to, the Total Population Register, the Multi-Generation Register, the Migrant Register and the Swedish Cancer Registry . Information from the various registers in the database is linked at the individual level via the national 10-digit civic registration number assigned to each person in Sweden for his or her lifetime. Before the inclusion of this information in the MigMed 2 Database, civic registration numbers were replaced with serial numbers to preserve anonymity. The unique serial number was used to follow each individual in the national registers until death, emigration or end of the study. Thus, there was no 'loss' to follow-up.
Study population and study period
The study population was the male population of Sweden aged 25 to 74 years, and the study period was 1 January 1990 to 31 December 2008. We chose 1990 as the first year of the study period because this is the first year for which we have information on geocoded addresses. This information was needed to construct the neighborhood-level variable.
Outcome variables
The outcome variable was mortality from prostate cancer. We used the Swedish Cancer Registry to identify primary diagnoses of prostate cancer in the study population during the study period. We then linked this information with records in the Cause of Death Register to identify deaths among prostate cancer patients during the same period. All cases of cancer in Sweden must be registered in the Swedish Cancer Registry. The completeness of cancer registration is currently considered to be close to 100%. Only primary neoplasms of the prostate classified according to the 7th revision of the International Classification of Diseases (ICD-7) (The Swedish Cancer Registry has transferred all the cancer ICD codes into ICD-7) (code 177) were studied.
Neighborhood deprivation index
A summary measure was used to characterize neighborhood-level deprivation. We identified deprivation indicators used by past studies to characterize neighborhood environments and then used a principal components analysis to select deprivation indicators in the Swedish national database. The following four variables were selected for those aged 25-74: low educational status (o10 years of formal education); low income (income from all sources, including that from interest and dividends, defined as less than 50% of individual median income);
18 unemployment (not employed, excluding fulltime students, those completing compulsory military service and early retirees); and social welfare assistance. Each of the four variables loaded on the first principal component with similar loadings ( þ 0.47 to þ 0.53) and explained 52% of the variation between these variables.
A z score was calculated for each SAMS neighborhood. The z scores, weighted by the coefficients for the eigenvectors, were then summed to create the index. 19 The index was categorized into three groups: below one s.d. from the mean (low deprivation), above one s.d. from the mean (high deprivation) and within one s.d. of the mean (moderate deprivation). Higher scores reflect more deprived neighborhoods.
The neighborhood-level variable was assessed in the year of the prostate cancer diagnosis for each patient.
Individual-level variables Age. Age ranged from 25 to 74 years and was divided into 10-year categories.
Marital status. Individuals were classified as married/ cohabitating or single.
Family income. Information on family income in 1990 was obtained from the Total Population Register, which was provided by Statistics Sweden. We used this information to determine the distribution of family incomes in Sweden, and then used the distribution to calculate empirical quartiles.
Educational attainment. Educational attainment was classified as completion of compulsory schooling or less (p9 years), practical high school education or some theoretical high school education (10-11 years), or theoretical high school and/or college education (X12 years).
Immigrant status. Information was available on which country the men were born in. These countries were categorized as 'Sweden' and 'Others'.
Urban/rural status. Urban/rural status was classified as living in a (1) large city, (2) middle-sized town, or (3) small town or rural area. The variable was included to allow adjustment for possible urban/rural differences in cancer treatment, access to screening, and lifestyle that might affect mortality.
Mobility. Mobility was classified as having 'not moved'
or 'moved' to another neighborhood with the same or a different level of deprivation in 5 years. Mobility was included in the model to minimize misclassification of the neighborhood exposure.
Comorbidities. Chronic obstructive pulmonary disease (COPD): Patients' previous hospitalization for COPD, which was suspected to be one important prognostic factor for prostate cancer (as a surrogate for smoking), was identified in the Hospital Registry accordingly (ICD-10 ¼ J40-J49).
Statistical analysis
Age-standardized incidence proportions were calculated by direct age standardization using 10-year age groups specific to men. Multilevel (hierarchical) logistic regression models with incidence proportions (the proportion of men who became cases among those who entered the study time interval) were used as the outcome variables.
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The analyses were performed using MLwiN, version 2.22 (The Centre for Multilevel Modelling, University of Bristol, Bristol, UK). We created three models. Model 1 was the empty or unconditional model; model 2 included the neighborhood-level variable (neighborhood deprivation); and model 3 included the neighborhoodlevel variable and the individual-level variables: age, marital status, immigration status, urban/rural status, family income, educational attainment, mobility and comorbidity.
All statistical tests were two-sided. The fixed effects are presented as odds ratios (ORs). We used multilevel logistic regression 20, 21 to estimate ORs with 95% confidence intervals (CIs) and P-values. Logistic regression provides a good approximation of Cox's proportional hazards model when the sample size is large, the outcome incidence rate is low, the follow-up time is relatively short and the risk ratios are of moderate size. The between-neighborhood variance was estimated both with and without a random intercept and was considered significant if more than 1.96 times the size of the s.e., in accordance with the precedent set in previous studies. 13, 22 For comparison, we also calculated Cox regression models and logistic regression models using the SAS statistical package (version 9.2; SAS Institute, Cary, NC, USA).
Ethical considerations
The study was approved by the Lund University Ethics Committee.
Results
A total of 73 159 men were diagnosed with prostate cancer between 1990 and 2008 (Table 1) , of whom 21 226 (29.0%) died during the study period; and 10 153 died owing to prostate cancer. More than two thirds of the patients were married and 93.6% were born in Sweden. The age-standardized mortality rate increased with Table 2 shows the three different models, created through stepwise inclusion of the neighborhood-and individual-level variables. The odds of all-cause mortality increased as the level of neighborhood deprivation increased. Men living in the most deprived neighborhoods exhibited a 25% higher risk of all-cause mortality (OR ¼ 1.25, 95% 1.17-1.34) than those living in the most affluent neighborhoods, after adjusting for age, marital status, family income, educational attainment, immigration status, urban/rural status, mobility and comorbidity (full model). Analysis of the effects of the individuallevel variables on all-cause mortality showed that men who were older, were unmarried, had low family income or low-educational attainment, had moved, or been hospitalized for COPD had the highest odds of all-cause mortality.
The between-neighborhood variance (that is, the random intercept) was more than twice the s.e. in all models, indicating that there were statistically significant differences between neighborhoods in prostate cancer mortality after adjustment for the individual-and neighborhood-level variables. The proportion of the explained variance increased after stepwise inclusion of the neighborhood-and individual-levels variables, reaching 73% in the full model (Table 2 ). This implies that included neighborhood-and individual-level variables explained 73% of the total variance between neighborhoods. Table 3 shows three different models for the risk of mortality due to prostate cancer. Men living in the poorest neighborhoods exhibited a 19% higher risk 
Results from additional analyses (data not shown in tables)
For comparison, we also performed an analysis using Cox regression models; the hazard ratio for all cause mortality was 1.10. (95% CI ¼ 1.04-1.15) among men living in the poorest neighborhoods in the full model; for prostate cancer-specific mortality, the corresponding hazard ratio was 1.11 (95% CI ¼ 1.04-1.19).
We performed an additional analysis using logistic regression models and the corresponding results were almost identical. The OR of all-cause mortality was 1.26 (95% CI ¼ 1.18-1.34) for men living in the poorest neighborhoods in the full model, for prostate cancerspecific mortality, the corresponding OR was 1.19 (95% CI ¼ 1.10-1.29) .
We also performed an additional analysis to test the effects of individual income within neighborhoods. Men living in the poorest neighborhoods and with the lowest incomes had an OR 1.84 (95% CI 1.64-2.06) of prostate cancer mortality (reference group was those living in the richest neighborhoods and with the highest incomes).
Discussion
The main finding of this study is that neighborhood deprivation predicts the odds of mortality in men with prostate cancer. This association remained significant after adjustment for the individual-level variables. On the basis of the whole male population of Sweden aged 25-74 years, this study confirms that low SES increases the risk of prostate cancer mortality. [1] [2] [3] [4] [5] [6] 23 Therefore, both neighborhood-and individual-level perspectives are Neighborhood deprivation and mortality X Li et al needed when studying socioeconomic factors and their relationships with prostate cancer mortality. Various mechanisms have been proposed as possible explanations for neighborhood effects on individual health. In the present case, it is possible that living in deprived neighborhoods causes isolation from people with healthy behaviors that promote prostate cancer survival, such as eating healthily, performing physical activity and not smoking. All these factors may be mediators of the link between living in a deprived neighborhood and increased risk of prostate cancer mortality. However, in a multilevel study from the US, mortality risks remained higher in deprived neighborhoods even after adjustment for body mass index and smoking. 24 Multilevel studies from the US demonstrated the importance of income inequality for mortality. 16, 17, 25 In contrast, in Nova Scotia in Canada, a country with lower income inequality than the US, neighborhood socioeconomic characteristics were not significantly associated with mortality. 26 In the UK, previous studies have described neighborhood effects on health. 27, 28 Living in deprived neighborhoods can cause isolation from health-promoting milieus (for example, safe places to exercise and decent housing) and services. The experience of being discriminated against in deprived neighborhoods with a poor reputation may also contribute to a negative prostate cancer risk profile. 25, 26, 29, 30 In comparison with wealthy nations, associations between neighborhood characteristics and different health outcomes were inconsistent. 31 This implies that neighborhood determinants of health are complex. Such determinants may include access to healthcare, education and social services. Access to these services is uneven in the US, where the effects of income inequalities on health are more pronounced. 25 For example, low income men are likely to present with later stage cancers. 8 Neighborhood-level inequities include unequal access to and quality of primary and secondary healthcare services 32 and may affect the relationship between prostate cancer screening and affordability of private health insurance. 8, 33 Opportunistic screening through PSA testing became commonplace in the US at the end of the 1980's and in Sweden in the early 1990's. The frequency of prostate cancer diagnoses has increased substantially since the introduction of PSA screening. However, whether this screening is beneficial for prostate cancer survival is still uncertain. 34 In Sweden, medical care is provided to all permanent residents, and primary healthcare clinics and hospitals are equally distributed and located centrally in all types of neighborhoods. 32 However, the actual number of health professionals working in primary healthcare clinics can vary considerably by neighborhood type. This is due to difficulties in recruiting and retaining healthcare personnel in high-deprivation neighborhoods. The misdistribution of medical personnel across neighborhoods has also been documented in England, another country with universal health care. 35 Our study has some limitations. For example, we had no information regarding tumor stage at diagnosis, treatment, or other factors influencing prostate cancer survival. However, risk factors can be considered as mediators in the causal pathway between neighborhoods and prostate cancer mortality, rather than confounders.
A second limitation is the fact that, in studies of neighborhood effects on health, selective residential mobility can cause compositional neighborhood differences. Selective residential mobility is the tendency of individuals to move to neighborhoods whose characteristics match their individual characteristics (for example, the tendency of individuals with low SES to move to low-SES neighborhoods). However, we adjusted for family income, which improved our possibilities to differentiate between compositional and contextual effects on prostate cancer mortality.
Our study also has several strengths. First, it was a population-based study covering all incident cases of prostate cancer in Sweden. The use of personal identification numbers made it possible to follow individuals in different registers, for example, the Migrant Register, which permitted calculation of exact risk times. Second, the Swedish Total Population Register is highly complete, with very few missing data. For example, data for income were 99.4% complete. Finally, the use of multilevel modeling helped us to separate neighborhood-level and individual-level effects and allowed us to consider both fixed and random effects in the analyses.
Conclusions
Neighborhood deprivation has an independent contribution on mortality in men with prostate cancer. The individual-level and neighborhood-level variables cumulatively load against individuals so that the most at-risk men would be those who have both individualand neighborhood-level risk factors. These findings raise important clinical and public health concerns, and indicate that both individual-and neighborhood-level approaches are important in health care policies.
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